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[Title of the Invention! 

CHROMATOGRAPHIC TECHNIQUE AND CHROMATOGRAPHIC PACKING TO 
BE USED THEREIN 
[Abstract] 

[Object] To provide a chromatographic technique with the 
use of a chromatographic packing by which a biological factor 
(protein, DNA , glyeolipid, etc.) or a cell can be separated or 
purified by controlling its interaction with the surface of a 
solid in an aqueous system by an external signal (for example, 
temperature) . 

CConsti tuti on] 

A chromatographic technique for separating a aolute by 
using a packing wherein the hydrophi 1 i c-hydr ophobi c balance on 
the surface of a stationary phase can be changed by an 
external signal while fixing the mobile phase to an aqueous 
system. More particularly, a chromatographic technique with 
the use of a chromatographic packing wherein the surface of a 
carrier having amino groups, carboxyl groups, hydroxyl groups 
or the like on the surface is chemically modified with a 
polyalkylacrylamide having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer of the same. 
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[Claims] 

[Claim 11 A ch r oma t o g r a ph i c technique characterized in 
that a solute is separated by using a packing wherein the 
hydrophi 1 i e-hydrophobi c balance on the surface of a stationary 
phase can be changed by an external signal while fixing the 
mobile phase to an aqueous system. 

CClaim 21 A chromatographic technique as claimed in Claim 
1 wherein said external signal is a change in temperature. 

CClaim 33 A chromatographic technique as claimed in Claim 
1 wherein said solute is a biological factor or a cell. 

CClaim 43 A chromatographic technique as claimed in Claim 
1 wherein said packing is a chromatographic packing wherein 
the surface of a carrier is chemically modified with a 
polyalkylacrylamide having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer of the same. 

[Claim 51 A chromatographic technique which comprises 
retaining a solute by a stationary phase comprising a 
chromatographic packing wherein a carrier having amino groups, 
carboxyl groups, hydroxyl groups or the like on the surface is 
chemically modified with a polyalkylacrylamide having a 
terminal amino, carboxyl or hydroxyl group or the like or a 
copolymer of the same; and allowing the solute to pass through 
a single mobile phase while changing the hydrophilic- 
hydrophobic balance on the surface of the stationary phase by 
the temperature gradient method or the temper ature-8 t ep 
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gradient method wherein the external temperature is varied 
stepwise to thereby separate the solute. 

[Claim 63 A chromatographic technique as claimed in Claim 
5 wherein said mobile phase is an aqueous solvent. 

[Claim 7] A chromatographic packing wherein a temperature 
responsive polymer has been introduced onto the surface of a 



carrier 



[Claim 8] A chromatographic packing as claimed in Claim 7 
wherein said temperature responsive polymer is a 
polyalkylacrylamide having a terminal amino, carboxyl or 
hydroxyl group or the like. 

[Claim 9] A chromatographic packing as claimed in Claim 8 
wherein said polyalkylacrylamide is one selected from amon, 
poly(N-isopropylacryUmide). polydi ethylacrylamide and 
polyacryloylpyrrolidine . 

[Claim 10] A chromatographic packing wherein the surface 
of a carrier having amino groups, carboxyl groups, hydroxyl 
groups or the like is chemically modified with a 
polyalkylacrylamide having an amino, carboxyl or hydroxyl 
group or the like or a copolymer of the same. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

This invention relates to a chromatographic technique 
with the use of a chromatographic packing by which a 
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biological factor (protein, DNA, glyeolipid, etc.) or a cell 
can bo separated or purified by controlling the interaction 
between the surface of a 6olid and cell membrane in an aqueous 
system by an external signal (for example, temperature). 
£00023 

In recent years, high performance liquid chromatography 
(HPLC) has been employed in the separation and purification of 
many substances, since various combinations of mobile phases 
and stationary phases can be appropriately selected therein 
depending on the sample. In the conventional chromatographic 
techniques, however, the interaction between a solute 
contained in the mobile phase and the surface of the 
stationary phase is induced by changing not the surface 
structure of the stationary phase but a solvent in the mobile 
phase. In HPLC employed in a number of fields, for example, 
carriers such as silica gal are employed as the stationary 
phase while organic solvents such as hexane, ac e t oni t r i 1 e and 
chloroform are employed as the mobile phase in the case of 
normal phase columns. In the case of reversed phase columns 
wherein silica gel derivatives separated in an aqueous system 
are employed as carriers, on the other hand, use is made of 
organic solvents such as methanol and acet oni t r i 1 e . 
[00031 

In ion exchange chromatography with the use of anion 
exchangers or cation exchangers as the stationary phase, 
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substances are separated by charging the external ion 
concentration or ion type. With the recent rapid progress in 
genetic engineering, etc., it has been expected to use 
physiologically active peptides, proteins, DNAs and the like 
in various fields including the pha rreaceut i ca 1 field. Thus it 
is a very important problem to separate and purify these 
substances. Among all, there has been a great increase in the 
necessity for techniques for separating and purifying 
physiologically active substances without damaging the 
activities thereof . 
[00043 

However, the organi c .solvents , acids, alkalis and 
surfactant* employed in the conventional mobile phases would 
damage the activities of phy 8 i o log i c a 1 1 y active substances 
and, moreover, contaminate the same. It is therefore expected 
to improve this system. From the viewpoint of avoiding 
environmental pollution due to these substances, it has been 
also required to establish a separation and purification 
system without using these substances. 
[00053 

[Problems to be Solved by the Invention! 

Under these circumstances, the present inventors have 
conducted extensive studies to satisfy the above-mentioned 
requirements. As a result, they have successfully developed a 
technique wherein separation and purification are achieved by 



changing the interaction between a solute and the stationary 
phase surface by charging not the mobile phase but an external 
condition such as temperature, thus completing the present 
Invention. Accordingly, the present invention aims at 
providing a chromatographic technique wherein separation and 
purification can be achieved with the use of a mobile phase of 
a single aqueous system by reversibly changing the surface 
characteristics of the stationary phase due to changes in an 
external condition, and a packing which is to be used as the 
stationary phase in this chromatographic technique. 
[00063 

[Means for Solving the Problems} 

The gist of the present invention resides in a 
chromatographic technique for separating a solute by using a 
packing wherein the hyd roph i 1 i c-hydr ophobi c balance on the 
surface of a stationary phase can be changed by an external 
signal while fixing the mobile phase to an aqueous system, 
more particularly, a chromatographic technique with the use of 
a chromatographic packing wherein the surface of a carrier 
having amino groups, carboxyl groups, hydroxyl groups or the 
like on the surface is chemically modified with a 
polyalkylacrylamide having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer of the same. 
According to the present invention, namely, a biological 
factor such as a protein or cell is adsorbed onto hydrophobic 



surface by elevating the external temperature to the critical 
temperature or above and then the temperature is lowered. 
Thus the biological factor can be separated or peeled off. 
Since no chemical (organic solvent, acid, alkali, surfactant, 
etc.) is employed in this process, the chromatographic system 
can be prevented from the contamination with these chemicals. 
Moreover, this technique is applicable to separation similar 
to analysis while sustaining the function of the protein or 
cell. 
[0007] 

By the conventional chromatographic techniques, it is 
highly difficult to separate and analyze samples containing 
various compounds, in particular, two or more samples largely 
differing from each other in polarity in a single mobile 
phase. Thus it takes a very long period of time to complete 
the separation. To deal with such samples, therefore, it has 
been a practice to employ the solvent gradiant method or the 
step gradient method wherein tho amount or type of organic 
solvent(s) is continuously varied with the passage of time to 
thereby separate the solute. In the temperature gradient 
method or the step gradient method of the present invention, 
in contrast, separation can b© similarly achieved by 
continuously or stepwise varying the column temperature in a 
single mobile phase without using any organic solvent. By 
using such a method, it becomes possible to separate proteins, 
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cells, etc. while sustaining the functions thereof and 
preventing the contamination with the above-mentioned 
impurities. Moreover, the desired component can be separated 
Kithin a short period of time by controlling the temperature. 
C00083 

The chromatographic packing to be used in the present 
invention is one having a temperature responsive polymer 
introduced onto the surface thereof. Thus the hydrophilic- 
hydrophobic balance on the surface of the packing can be 
changed depending on, for example, temperature changes. In 
this packing, therefore, the carrier surface is chemically 
modified with a temperature responsive polymer, for example, a 
polyalky lacry lamide having a terminal amino, carboxyl or 
hydroxyl group or the like or a copolymer thereof. Examples 
of this chemically modified packing include those obtained by 
chemically modifying silica carriers having functional groups 
such as amino, carboxyl or hydroxyl groups on the surface with 
the above-mentioned po lya 1 ky 1 aery 1 ami des or copolymers 
thereof. Particular examples of the silica carriers having 
functional groups such as amino, carboxyl or hydroxyl groups 
include aminopropyl silica gel, Amino Sephadex, aminoglass and 
ion exchange resins. As the po 1 y a 1 ky 1 ac r y 1 am i de to be used in 
the present invention, it is preferable to select one from 
among poly(N-i sopropy lacrylami de) , po 1 ydi e thy 1 eneacry 1 ami de 
and pol yacry 1 oy 1 py rr o 1 i d i ne . That is to say, the structural 



formulae of the po 1 ya 1 ky 1 ac ry 1 ami d e or its polymer preferably 

employed in the present inv«ntion are as follows: 

[00093 

[Chemical formula 13 
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[00111 

Sine- poly<N-isopropylacryUinide) has a lover limit 
critical temperature of 32. *C, a carrier chemically modified 
with its molecules undergoes changes in the surface 
characteristics ( hyd r ophi 1 i c/hy dr ophobi c) at this critical 
temperature. When the surface of a chromatographic packing 
grafted or coated therewith, therefore, the capability of 
retaining a sample varies depending on temperature. Thus th 



rate ntion behaviors can be controlled depending on temperature 
without changing the composition of the eluent. The lower 
limit critical temperature exceeding 32 K can be achieved by 
copolymer!^* i s op r o P y 1 aery 1 ami d. with a monomer superior in 
hydrophilic nature to it, for example, acrylamide. methacrylic 
acid, acrylic acid, di me thy 1 aery I ami de or v i ny 1 PY r r o li done . 
Mso, a lower limit critical temperature of 32 °C or below can 
be achieved by copo i ymer i zi ng i t op ropy 1 ac r y 1 ami d e with a 
hydrophobic monomer such a, styrene, alkyl methacrylate or 
alkyl acrylate. 
C00123 

Because of having a lower limit critical temperature of 
about 30 to 32 "C , po 1 yd i ethyl aery 1 ami de underage, change, in 
the surface characteristics Chyd r ophl 1 i c/hyd rophobi c> at this 
point. Thus its capability of retaining a .»pl. can be 
controlled by varying the temperature, .i.lUr to the above- 
mentioned case of poly(N-lsopropylacrylamide). The novel 
chromatographic packing amployed in the present invention can 
be prepared by chemical modification or polymer coating. As a 
means of the chemical modification, us. can be made of two 
methods, i.e., surface grafting and radical polymerization. 
In the coating method, th. polymer is i ns 0 1 ub i 1 i zed at a 
temperature falling within th. a P p 1 i cat i on range and then 
subjected to coating. Fig. 1 I 1 lu.tr.te.- thi . method. Now, 
an example of the means for producing the chromatographic 
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packing of the present invention will be descri 
reference to the following chemical formula. 
[00133 

[Chemical formula 3D 




[0014] 

N-Isopropylacrylamide monomer (1). 2.2'-azobis- 
(isobutyronitrile) (abbreviated as AIBN) and 3-mercapto- 
propionic acid (abbreviated as MPA> are dissolved in a solvent 
N,N-dimethylformamide. After f r e eze -d e gas s i ng with the use of 
liquid nitrogen, these monomers are polymerized by 
telomerization at 70 ± 1 «C . Then the mixture is concentrated 
and precipitated from diethyl ether to thereby give P oly(N- 
isopropylacrylamide) C2> having a terminal carboxyl group. 
The crude product is purified by d i s s o 1 u t i on- r e P r ec i P i t a t i on . 
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Then it is introduced into a desiccator containing silica gel 
and dried at ordinary temperatures- under reduced pressure. 
Then it is dissolved in dry ethyl acetate and d i eye 1 oh exy 1 - 
carbodiimide (abbreviated as DCC) and N-hyd r oxy succ i n i m i de are 
added thereto. After reacting at room temperature to thereby 
convert the carboxyl group of the poly(N-isopropylacrylamide) 
into an active ester, it is concentrated and dropped into 
diethyl ether for precipitation. Next, it is dried at 
ordinary temperatures under reduced pressure to thereby give 
active-esterif i ed poly(N-isopropylacrylamide) (3). The 
obtained product is dissolved in purified water and a carrier 
having amino groups is added thereto. Then these substances 
are reacted together to thereby form an amide bond. Thus a 
carrier (4) graft-coated with poly(N-isopropylacrylamide) is 
obtained. By using the carrier of the present invention, 
physiologically active proteins, cells, etc. can be separated 
and purified. Particular examples thereof include bovine 
serum albumin, IgG, fibrinogen, fibronectin, transferrin and 
blood coagulation factor. 
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(54) CHROMATOGRAPHY AND FILLER THEREFOR 

(57)Abstract: 

PURPOSE: To realize separation and recovery while sustaining the function of biological element in the mobile phase 
of single water system by employing a filler wherein the balance of hydrophilicity and hydrophobicity on the surface 
of fixed phase can be varied depending on the temperature while fixing the mobile phase to the water system. 
CONSTITUTION: The filler being employed in the separation of solute, e.g. a biological element or a cell, includes a 
filler where the balance of hydrophilicity and hydrophobicity on the surface of fixed phase can be varied by an 
external signal, e.g. temperature variation, while fixing the mobile phase to the water system, e.g. a filler where the 
surface of a carrier having amino group, carboxyl group, hydroxy group, etc., on the surface is chemically modified 
with polyalkyl acryl amide having an amino group at the end or a copolymer thereof. When such filler is employed, a 
biological element is adsobed to the hydrophobic surface upon reaching a critical temperature and it is separated or 
exfoliated as the temperature drops. Consequently, an organic solvent, a surfactant, etc., does not act as a dirt and 
the inventive method can be utilized in the separation, as well as analysis, while sustaining the function of protein or 
cell. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The chromatography method characterized by separating a solute using the bulking agent which can change 
the hydrophilic property / hydrophobic balance on the front face of a stationary phase with an external signal, fixing a 
mobile phase to a drainage system. 

[Claim 2] The chromatography method according to claim 1 that an external signal is a temperature change. 
[Claim 3] The chromatography method according to claim 1 that a solute is a living body element or a cell. 
[Claim 4] The chromatography method according to claim 1 which is the bulking agent for chromatographies with 
which the bulking agent carried out chemical modification of the carrier surface to the end by the poly alkyl 
acrylamide which has the amino group, a carboxyl group, or a hydroxyl group, or its copolymer. 

[Claim 5] At an end to the support which has the amino group, a carboxyl group, or a hydroxyl group in a front face 
The amino group. After making a solute hold to the stationary phase which consists of a bulking agent for 
chromatographies which carried out chemical modification by the poly alkyl acrylamide which has a carboxyl group or 
a hydroxyl group, or its copolymer. The chromatography method characterized by separating a solute by changing the 
hydrophilic property / hydrophobic balance on the front face of a stationary phase by the step gradient method by the 
temperature gradient or temperature to which an outside temperature is changed gradually, and passing the same 
mobile phase. 

[Claim 6] The chromatography method according to claim 5 that a mobile phase is a drainage system solvent. 
[Claim 7] The bulking agent for chromatographies characterized by introducing a temperature responsibility 
macromolecule into a carrier surface. 

[Claim 8] The bulking agent for chromatographies according to claim 7 whose temperature responsibility 
macromolecule is the poly alkyl acrylamide which has the amino group, a carboxyl group, or a hydroxyl group at the 
end. 

[Claim 9] The bulking agent for chromatographies according to claim 8 whose poly alkyl acrylamide is any one sort of 
Polly (N-isopropyl acrylamide), the poly diethyl acrylamide, or poly acryloyl PIROIJIN. 

[Claim 10] The bulking agent for chromatographies characterized by carrying out chemical modification of the poly 
alkyl acrylamide which has the amino group, a carboxyl group, or a hydroxyl group, or its copolymer to the carrier 
surface which has the amino group, a carboxyl group, or a hydroxyl group. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] this invention is a drainage system and it is related with the chromatography method that living 
body elements (protein, DNA, glycolipid, etc.) and a cell can be separated or refined using the bulking agent for 
chromatographies which can control the interaction of a solid-state front face and a cell membrane by the external 
signal (for example, temperature). 
[0002] 

[Description of the Prior Art] The combination of a high performance chromatography (HPLC) of a mobile-phase liquid 
and a stationary phase is various, and since many things can be chosen according to a sample, it is used for 
separation of matter various in recent years, and refining. A deer is carried out and the surface structure of a 
stationary phase is performed by changing the solvent of a mobile phase in the chromatography currently used 
conventionally in the interaction of the solute and stationary-phase front face which are included in the mobile phase, 
without making it change, for example, in HPLC currently used in many fields, the organic solvent which are methanol, 
an acetonitriie, etc. is used by the column of an antiphase system using the silica gel derivative which is using organic 
solvents, such as a hexane, an acetonitriie, and chloroform, as a mobile phase, and is separated by the drainage 
system as support in the column of a normal phase system using support, such as silica gel, as a stationary phase 
[0003] Moreover, in the ion exchange chromatography which makes an anion exchanger or a cation exchanger a 
stationary phase, external ion concentration or a kind is changed and matter separation is performed. By rapid 
progress of genetic engineering etc., the use is broadly expected to various fields in which bioactive peptide, protein, 
DNA etc. contain a drug, and its separation and refining have been a very important technical problem in recent 
years. Especially, separation and the need for technical to refine are increasing the physiological active substance, 
without spoiling the activity. 

[0004] However, since the organic solvent and acid which are used for the conventional mobile phase, alkali, and a 
surfactant serve as impurity at the same time they spoil the activity of a physiological active substance, improvement 
of the system is expected. Moreover, separation / refining system which does not use these matter from the field of 
evasion of the environmental pollution of such matter is needed. 

[0005] ... . , , 

[Problem(s) to be Solved by the Invention] As a result of examining many things that this invention persons should 
satisfy the above-mentioned request, the surface structure of a stationary phase then, for example, by changing 
external conditions, such as temperature It is what developed the technology separated and refined by changing the 
interaction on a solute and the front face of a stationary phase, without changing a mobile phase, and completed this 
invention, the purpose of this invention By changing external conditions, the surface characteristic of a stationary 
phase is changed in reversible, and the bulking agent as a stationary phase used for the chromatography method and 
this chromatography which can be separated and refined by the single drainage system mobile phase by this is 
offered. 

[0006] ... 
[Means for Solving the Problem] It is the chromatography method characterized by the summary of this invention 
separating a solute using the bulking agent which can change the hydrophilic property / hydrophobic balance on the 
front face of a stationary phase with an external signal, fixing a mobile phase to a drainage system. The earner surface 
which has the amino group, a carboxyl group, or a hydroxyl group in a front face specifically It is the chromatography 
method using the bulking agent for chromatographies which carried out chemical modification to the end by the poly 
alkyl acrylamide which has the amino group, a carboxyl group, or a hydroxyl group, or its copolymer. That is, it 
becomes possible by using this invention to dissociate or exfoliate this by carrying out an outside temperature more 
than critical temperature by making living body elements, such as protein and a cell, stick to a hydrophobic front face, 
and reducing temperature. Therefore, since medicines, such as an organic solvent, an acid, alkali, and a surfactant, are 
not used at all in this case, it can use also for separation similarly to analysis, these preventing the contamination 
matter and a bird clapper, and maintaining functions, such as protein and a cell. 

[0007] In the conventional chromatography method, when separating and analyzing two or more greatly different 
samples of the sample with which compounds various by one kind of mobile phase are mixed, especially polarity, 
separation is difficult and the time which separation takes will become very long. Therefore, although it is dissociating 
by the solvent gradient method or the step gradient method make it change gradually for changing the amount and 
kind of organic solvent continuously with time in case such a sample is treated It is possible to attain the same 
separation by changing column temperature continuously or gradually by the mobile phase single instead of using an 
organic solvent by the temperature gradient method or the step gradient method by this invention. By adopting this 
method, mixing of above-mentioned impurity is prevented, and while being able to dissociate with functions 
maintained, such as protein and a cell, a desired component is separable by controlling temperature in a short time. 
[0008] The bulking agent for chromatographies used in this invention is a bulking agent which a temperature 
responsibility macromolecule is introduced into the front face, and can be changed with temperature changes by this 
by the hydrophilic property / hydrophobic balance on the front face of a bulking agent. That is, it is the bulking agent 
which carried out chemical modification by the poly alkyl acrylamide which is a temperature responsibility 
macromolecule about a carrier surface, and which has the amino group, a carboxyl group, or a hydroxyl group at the 
end. or its copolymer. As this bulking agent that carried out chemical modification, chemical modification of the 
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aforementioned poly alkyl acrylamide or its copolymer is carried out to the silica support which has functional groups, 
such as an amino group, a carboxyl group, or a hydroxyl group, on a front face, for example. And as silica support 
which has functional groups, such as an amino group, a carboxyl group, or a hydroxyl group, aminopropyl silica gel, 
amino sephadex, amino glass, ion exchange resin, etc. can be mentioned concretely. In this invention, any one sort of 
Polly (N-isopropyl acrylamide), the poly diethyl acrylamide, or the poly acryloyl pyrrolidine is desirable as a poly alkyl 
acrylamide. Therefore, it is as follows when the structure expression of the desirable poly alkyl acrylamide used in the 
invention in this application and its copolymer is shown. 
[0009] 
[Formula 1] 




Poly(A , -i5opropyl*crylamide) H — CH Poly([PAAni) 

Poly(^,Ar-diethylaaylaraidfi) C a Hs C a H 5 Poly(DEAAm) 

I 

Poly(acryIroylpyroUdine) Poly(APy) 




J Tfr*n>* 9 ? i; u- h (e=i~2o) 

— ch 2 — 9 — 

COOC t H 2<t1 

[001 1] It becomes possible to control maintenance behavior with temperature, without changing composition of an 
eluate, since holding power [ as opposed to / to the front face of the bulking agent of a chromatography / since, as 
for the support which carried out chemical modification by this molecule since poly (N-isopropyl acrylamide) had 
minimum critical temperature at 32 degrees C, surface physical properties change to hydrophilicity/canal with this 
critical temperature / a graft or when it is coated and used / a sample for this ] changes with temperature. In order to 
make minimum critical temperature into 32 degrees C or more, it is possible to adjust by carrying out copolymerization 
of the acrylamide which is the monomer of a hydrophilic property, a methacrylic acid, an acrylic acid, a dimethyl 
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acrylamide, the vinyl pyrrolidone, etc. to an isopropyl acrylamide rather than an isopropyl acrylamide. Moreover, 
copolymerization with the styrene which is a hydrophobic monomer, alkyl methacryiate, alkyl acrylate, etc. can adjust 
to make minimum critical temperature into 32 degrees C or less. 

[0012] Moreover, the minimum critical temperature of the poly diethyl acrylamide is about 30 degrees C - 32 degrees 
C, surface physical properties can change to hydrophilicity/canal bordering on this temperature, and the holding power 
to a sample can adjust it with temperature like the case where it is above-mentioned Polly (N-isopropyl acrylamide). 
The new support for chromatographies used by this invention is created by coating of chemical modification or a 
macromolecule. As a chemical modification means, the surface graft method and the two methods of a radical 
polymerization can be used, moreover, insoluble, as the coating method after being insoluble within an application 
temperature requirement — thing coating is carried out When these are illustrated, it is as drawing 1 . With reference 
to the following chemical formula, it states as an example of the concrete means of the manufacture method of the 
chromatography support of this invention. 
[0013] 




o*. 




[0014] After melting N-isopropyl acrylamide monomer (1), 2, and 2'-azobis (isobutyronitrile) (azobisuisobutironitoriru 
and brief sketch) and 3-mercaptopropionic acid (MPA and brief sketch) to the N.N-dimethylformamide solvent and 
carrying out freeze deaeration using liquid nitrogen, in 70**1 degree C, the polymerization was carried out according 
to telomerization. This is condensed and poly (N-isopropyl acrylamide) (2) which was settled by diethylether and had a 
carboxyl group in the piece end is obtained. A rough product is refined by the dissolution reprecipitating method. This 
is put in into the desiccator into which silica gel was put, and it dries under ordinary temperature reduced pressure. 
After adding a dicyclohexylcarbodiimide (DCC and brief sketch) and an N-hydroxy amber acid imide, making it react at 
a room temperature and carrying out activity esterification of the poly (N-isopropyl acrylamide) carboxyl group, it 
condenses, and it is dropped into diethylether and made to dissolve this in dryness ethyl acetate and to precipitate. 
Next, ordinary temperature reduced pressure drying is carried out, and activity esterification poly (N-isopropyl 
acrylamide) (3) is obtained. A graft and the thing (4) with which it coated are obtained for poly (N-isopropyl 
acrylamide) to support by melting this to pure water, adding amino-group content support, reacting, and forming amide 
combination. It is protein, a cell, etc. which have physiological activity as separation and a thing which can be refined 
using the support in this invention, and a cow serum albumin, IgG, a fibrinogen, a fibronectin, a transferrin, a blood 
coagulation factor, etc. can be mentioned concretely. 
[0015] 

[Example] Next, it has an example and this invention is explained concretely. 

Poly (N-isopropyl acrylamide) synthesis method N-isopropyl acrylamide 20.0g [ which has a carboxyl group at the 
piece end of example 1(a) ], 3-mercaptopropionic acidg [ 0.19 ] and 2, and 2'-azobis (isobutyronitrile) 0.21 g was put 
into the polymerization pipe, respectively, and 50ml of dryness N.N-dimethylformamide was added, and it dissolved. 
Next, after freezing under liquid nitrogen, the oxygen in a polymerization pipe was deaerated by the vacuum oil pump, 
the polymerization pipe was dipped in methanol with the reduced pressure state, and the dissolved oxygen in 
N.N-dimethylformamide was removed. Operation of this freeze deaeration was repeated 3 times, and was performed. 
When deaeration was completely possible, it was made to react with a 70**1-degree C incubator for 17 hours. Next, 
when falling to the room temperature, poly (N-isopropyl acrylamide) which was made to trickle into dryness 
diethylether which performs vacuum concentration, and had a carboxyl group in the piece end was settled. These 
settlings were separated with the PTFE (polytetrafluoroethylene) filter (pore size 3.0micrometer), reduced pressure 
drying was carried out in the desiccator into which silica gel was put, and 18.0g of rough products was obtained. After 
melting this to Dryness N and N'-dimethylformamide 30ml, it was dropped into dryness diethylether and the settlings 
were separated by Teflon filter -. Reduced pressure drying was performed for this in the desiccator, and refining poly 
(N-isopropyl acrylamide) was obtained. It dissolved in N [ which refined N-isopropyl acrylamide 8.0g, N, and 
N-dimethyl acrylamide 2.0g, 0.1 8g / of 3-mercaptopropionic acid /, N, and N'-azobisisobutyronitril 0.1g ], and 
N-dimethyl acrylamide 50ml, and the polymerization was carried out at 70**1 degree C after the deaeration sealed 
tube like the above for 12 hours. The same reprecipitation refining as the above was performed, and N-isopropyl 
acrylamide copolymer which has a carboxyl group at the piece end was obtained. The obtained copolymer showed 
phase transition near 43 degree C in solution. The copolymer which shows phase transition at arbitrary temperature is 
obtained by changing the amount of N to N-isopropyl acrylamide monomer, and N-dimethyl acrylamide monomer to 
composite preparation etc. For each obtained polymer, poly (N-isopropyl acrylamide) is molecular weight 10,000 and 
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N-isopropyl acrylamide by the gel filtration chromatography and acid-base measurement which used the 
TETORAHIDO furan as the solvent. - N and N-dimethyl acrylamide copolymer is molecular weight 8,000, and it 
checked having about one carboxyl group at each molecule end. 

[0016] (b) 1 1.35g is melted for poly (N-isopropyl acrylamide) activity esterification refining poly (N-isopropyl 
acrylamide) which has a carboxyl group at the piece end in 100ml of dryness ethyl acetate, and it was made to react 
at a room temperature (20-25 degrees C) by 0 degree C for 1 2 hours for 2 hours, adding dicyclohexylcarbodiimide 
1.23g and 0.69g of N-hydroxy amber acid imides, and stirring. Next, activity esterification poly (N-isopropyl acrylamide) 
was obtained about what separated the N and N'-dicyclohexyl urea which is a side reaction object with the PTFE 
filter, separated what trickled into dryness diethylether and precipitated by Teflon filter - after carrying out vacuum 
concentration of the filtrate, and distilled off the solvent by ordinary temperature reduced pressure. Piece end 
carboxylic-acid N-isopropyl acrylamide - N and N-dimethyl acrylamide copolymer carried out activity esterification 
similarly. 

[0017] (c) Avidity esterification poly (N-isopropyl acrylamide) 2.0g of activity esterification poly (N-isopropyl 
acrylamide) and amino-group support was melted to 50ml of pure water, aminopropyl silica gel 6.0g was added, 500ml 
of back cold water which shook violently at the room temperature for 1 2 hours, and was made to react washed, and it 
shook [ be / under / solution / which melted activity esterification poly (N-isopropyl acrylamide) 2.0g to 50ml of pure 
water again ] adding ] violently at the room temperature After it repeated this operation 3 times and 500ml of cold 
water washed, it washed and dried by methanol 1 00ml. Activity esterification poly (N-isopropyl acrylamide) 3.0g was 
dissolved in 6ml N and N-dimethyl HORUMI amide, it added 1ml at a time to the liquid which diluted with 24ml pure 
water 1ml (the diameter of 1.0**0.03 micrometers, undiluted solution concentratton:5x1 01 1 piece/ml) of polystyrene 
particle suspension which introduced the first-class amino group into the front face for this at intervals of 30 minutes, 
and fall mixing was carried out slowly. After adding the whole quantity, fall mixing was carried out below 4 degrees C 
for 16 hours. After the reaction end, after repeating washing by recovery by centrifugal separation, and cold 
purification twice, it diluted using Hanks balanced salt solution (pH 7.4) (6x109 and 6x1010-/ml). 
[0018] Next, the example which performed the chromatography using the support of this invention is shown. 
Restoration to an example 2 (a) vacuum column (the wet slurry filling-up method) 

Poly (N-isopropyl acrylamide) ornamentation silica gel 2.0g was suspended in 10ml of pure water, it poured in the 
packer beforehand connected with the vacuum column (4.6phix1 50mm), and the !id was fastened immediately, and the 
pressure sent the liquid by 350 kg/cm2 for 2 hours, sent pure water by 300 kg/cm2 for 3 hours, and it was filled up. 
(b) The example of separation at the time of injecting the mixture of the hydrocortisone (1) of medical supplies and an 
acetic-acid hydrocortisone (2) into the column which made the stationary phase the poly (N-isopropyl acrylamide) 
ornamentation silica gel of the example above of chromatography separation using the bulking agent by this invention 
as a sample is shown. The sample which mixed the hydrocortisone (1) and the acetic-acid hydrocortisone (2) was 
poured in, water was poured at a rate of I.Oml/m by having made this into the mobile phase, and it measured using the 
ultraviolet visible absorbance detector (measurement wavelength of 254nm). The result is shown in drawing 2 . Having 
become separable by the mobile phase of only water is shown by by raising 5 degrees C, 1 5 degrees C, 30 degrees C, 
50 degrees C, and temperature from drawing 2 . Drawing 2 showed change of the holding time accompanying ****** 
of a hydrocortisone (1) and an acetic-acid hydrocortisone (2). Drawing 3 -a is the case where the aminopropyl silica 
gel support used as the base is used as a bulking agent, and drawing 3 -b is the case of separation by the bulking 
agent which used this invention. In order to clarify the temperature effects in drawing 3 , in drawing 4 , a plot is shown 
for the relation between 1ogk' and 1/T. The separation in the silica gel and the conventional chromatography of the 
base shows completely different maintenance behavior clearly. 

[0019] (c) The example of separation at the time of injecting mixture with benzene (primary standard) and five sorts of 
steroid medical supplies into the column which made the stationary phase the Polly (N-isopropyl acrylamide) 
ornamentation silica gel of the example of chromatography separation 2 above using the bulking agent by this 
invention as a sample is shown. Benzene (1), a hydrocortisone (2), the prednisolone (3), the dexamethasone (4), the 
acetic-acid hydrocortisone (5), and the sample that mixed six sorts of a testosterone (6) were injected into the 
column, it was poured at a rate of 1.0mi/m, having used water as the mobile phase, and this was measured using the 
ultraviolet visible absorbance detector (wavelength of 254nm). The result is shown in drawing 5 . In drawing 5 , the 
elution time of the testosterone which was 15 minutes or more was able to be shortened within 6 minutes by changing 
column temperature to 5 degrees C at 50 degrees C. Thus, it is possible by controlling an outside temperature to 
change the elution time of a sample freely. Moreover, in the conventional chromatography, the mobile phase of only 
water was able to attain perfect separation by changing the sample which has not been separated if mixed liquor with 
an organic solvent was not used for a mobile phase to the suitable temperature of 5 degrees C - 50 degrees C. 
[0020] (d) Temperature-control chromatography temperature responsibility N-isopropyl acrylamide of a temperature 
responsibility macromolecule ornamentation front face and a lymphocyte - The particle which carried out the graft of 
the N and N-dimethyl acrylamide copolymer (IPAAm-DMA, 20% mol of composition) was made to float in Hanks 
balance salting-in liquid, and wet restoration was carried out a height of about 100mm at the glass column 
(8phix300mm). The laminating of the lymphocyte suspension (3x108 cell/ml) of the rat mesenteric lymph node origin 
and the 1ml (6x1010 pieces/(ml)) of the polymer-graft particle suspension was carried out to the column upper part 
which carried out humidity with Hanks balance salting-in liquid. The following experiments were conducted after 
stabilizing this column at 40 degrees C in a thermostat. When the Hanks balance salting-in liquid which kept it warm at 
40 degrees C as an eluate was used, elution of a lymphocyte was not seen in the eluate from the column lower part. 
Then, when 10-degree C Hanks balance salting-in liquid was used as an eluate after stabilizing a column at 10 
degrees C in a thermostat, the lymphocyte was eluted 100%. As a result of observing the survival rate in this eluate 
using a Nigrosine solution 0.2%, it was checked after desorption from the column that the lymphocyte survives 1 00%. 
[0021] 

[Effect of the Invention] As mentioned above, it becomes controllable [ the surface characteristic of the stationary 
phase by the temperature change ] by using the bulking agent which introduced the temperature responsibility 
macromolecule into the carrier surface as a stationary phase. The temperature control of the interaction which moves 
by underwater and the drainage system between them [ of a physiological active substance or the useful cell / 
separation and recovery, or between them ] is realized. Consequently, since it changed that separation and recovery 
were possible, maintaining the function of living body elements, such as protein and a cell, by the mobile phase of a 
single drainage system, mixing of impurity was able to be prevented. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 11 Explanatory drawing of the carrier surface of this invention 

[Drawing 21 The temperature influence affect the elution of a hydrocortisone (1) and the hydrocortisone acetate (2) is 
shown. 

[Drawing 31 Change of the holding time accompanying the temperature change of a hydrocortisone (1 ) and an 
acetic-acid hydrocortisone (2) is shown. As a bulking agent, a view is aminopropyl silica gel and b view is the bulking 
agent of this invention. 

fDrawing 41 FANTO to the hydrocortisone (1) and acetic-acid hydrocortisone (2) in a column when water is used as a 
mobile phase A HOFFU plot view is shown. As a bulking agent, a view is aminopropyl silica gel and b view is the 
bulking agent of this invention. 

fDrawing 51 Benzene (1), a hydrocortisone (2), a prednisolone (3), a dexamethasone (4), an acetic-acid hydrocortisone 
(5), and the temperature effects that it has on the elution of a testosterone (6) are shown. 
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